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AVffl MATBD IMMUNOASSAY APPARATUS WITH H^XlBLg wp c^jp apm i 

The present invention relates to automated 
immunoassay apparatus for carrying out diagnostic 
5 testing, and to particularly useful apparatus for 

carrying out Enzyme Linked Immunosorbent Assay ("ELISA») 
procedures* 

A number of different testirlg techniques for 
biological produqtE are known and these include latex 
3.0 confiumable test^.^d. Polymerase Chain Reaction ("PGR'*) 
teets. 

Latex consumable teats are used for example in home 
pregnancy testing kite, and are fast, reasonably 
accurate but con^aratively expensive. 

15 PGR tests are used mainly in research environmentB. 

Custom-made equipment is usually required in order for 
the technique to be' reliably reproduced laboratory 
tec^inicians - Such equipment' is con5>arat!iveiy' eicpensive 
and is hot generally c6n^>at±ble iwith other 

20 manuf adturero ' equipriient - ' 

immunoassay procedures are a preferred way of 
testing biological products. The^e prbcedurfes exploit 
the ability of antibodies produced by the body to 
recogriiae specif ic antigens (which mayi for example, be 

25 associated with foreign bodies such as bacteria or 

viruses, or with other body products such a(s hormames] . 
Once a specific antigen has been detected by an antibody 
this can be indicated 2ls a positive sample preferably by 
tiaing fluorescent or. cheirti luminescent markers or lees 

30 preferably by using radiojactive marker^. Radioactive 
markers are less preferred due to environmental and 
s^^ty concerns regarding their handling, storage and 
dlspo'sal. ' ' 

ELIS21 is a particularly preferred form of 

35 immunoassay prbceduire wherein antibodies are linked to 
en inablubie carrier surface s>uch 'as a = sample vessel . 
The antibodies are iised to capture any counterpart 
antigens which may be present in a sample solution- If 
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antiigeiis are present then these !J>Dnd with the antibodies 
to forro antigen -antibody eoroplexets. Substaixces known as 
"enzyme conjugates" are then added to the sample. An 
enzyxne conjugate contains an enzyme which covaleritly 
5 bonds with the antigen p^t of any antigen -antibody 

complexes which have been formed. Colourless reagents 
are then added to the sample which are broken idown in 
the presence of the en2?yme to produce a distinctive 
colour- The colour strength is photometrically 
10 determined to iaLdvantageously give a quantitative 

indication of the nuinber of antibody-antigen complexes 
which have been formed: This in turn gives an 
indication of the number of specific antigens present 
per unit volume of i sample fluid.. 
15 Another advatitcage of ELISA procedures is that they 

do not suffer from the storage and disposal problems 
associated ^ith radioimmunoassays- n 

Although it is common to look for specific antigens 
in a sample, it is also piossible to look for specific 
20 antibQdi€»e which axe produced by the body in z-espoase to 
an ittfsction* ih such cases, the detection of a large 
nuinber of specific antibodies in a san^le will indicate 
that a laL^ge hiimbei: of corresponding antigens are also 
present. For example, a Rubella infectibn will result 
25 in the production by the body of a large niimbeif' of 

antibodies to Rubella antigenic material . The detection 
of th^sB antibodi^^es in large nuwber3 would indicate that 
the patient h&£ been exposed tb iRubeHa antigenic 
material. - 
30 Although other different testing procedures are 

available. KLISA reniainfl one of the most commonly used 
because it is relatively inexpensive, has a high 
throughput and has good performance. There is also 
widespread availability of consumableis and 
35 instrumentation required for the process. 

Early known ELISA systems Were run manually, and 
sanrples and dispensing reagents were transferred manually 
using pipettes: Sample container a were washed under a 
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tap and the results were toeasur^d vdeually . However, as 
can be appreciated, manually operated systems suffered 
from a nuTiiber of problems, including variable results 
wich a limited dynamic range. The technician was also 
5 unduly exposed to potentially biohazardoufi material. 

In recent years aysteros have beeri developed which 
automate many of the steps (or "phases" ) involved in the 
ELISA procedures such ae sample distribution, dilution, 
iacubation, washing, enzyme conjugate addition^ reagent 
10 addition, reaction stopping and Che analysis of results. 

Automated isununoaesay apparatus for carrying out 
BIjISA procedures are widely used in clinical iabpratories 
of e«g» pJiairoaceutical compaiiies, hoapitkls and 
universities for in-^vitro diagnostic applications such as 
15 testing for disease^ and infection, and for/; assisting in 
the production of new yaccintes and druga!. 

* Autohtaced ELI^ systems use a standard Sample vessel 
known as a micxoplate which can be easily stored and 
which may be uaed with a variety of biological specimens. 
20 Microplates manufactured by the i^pplicants are sold under 
the name "MICROTlTEiR" (RTM) . Hpyrever, the ELISA system 
described In the present application is designed to be an 
open system thereby allowing other manufacturers* 
microplatiBS aod other consumables to be used. 
25 Microplates have been commercially available since 

the 1560s and consist of a reusable plare mad^ from e.g. 
polyatyrene , PVC, per&pex or lucite and nieasuring 
apprxjxiraately .S inchas cm) in length,; 3^ inches 

{fl_9 cxn) in width, and X inches (1.9 cm) iri depth. 
30 Microplates made from polystyrene are particularly 

preferred on account of polystyrene's enhanced optical 
clarity which assists visual; interpretation of the 
results of any reaction. Polystyrene inicroplatee are 
also compact, lightweight, and easily Washable, 
35 £ach inicroplate haa 96 well^ or indentations (also 

commonly known as "roicrowells" ) which are aymmetrically 
arramged in an 8 x X2 array. Each microwell of a 
microplate will normally contain a sample from a 
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different patient- The wicrowellft ai-e soroetitneo aJ-eo 
refenred to ad the "solid phase" since they are 
considered to be the starting point upon which the rest 
of the testing procedures are based, 
5 MicrowellE typically have a maximum volume capacity 

of approximately 350>il, but norroally only iD-lOO/il of 
fluid is dispensed into a microwell. 

Microplates haying a flat -bottomed i*ell geometry are 
widely accepted for bacteriology and other microbiology 
Id applications iiicludjLng tissue culture growth aonaly^ie and 
antibiotic sensitivity testing. However, microplates 
having "U" and «v* chaped well bottom geometries are also 
known and are used |in complement; fixation analysis so as 
to accommodate agglutination applicationg . "U" and "V" 
15 shaped raicrowells are effective in redudirig the 'cample 
and reagent volume requirements and they also help 
concentrate the, reaction in the well bottom thereby 
aiditig the subsequent interpretation of results • 

Flexible microplateB made from pblyvihyl chloride 
20 {FVC} are used in radioimiminoaBBaya . The^e microplates 
are produced iia the standard 96-w^ll format, but 
individual w«lis can be removed with scissors for 
radibisotdpic inea^reTcient using a single! well gamma 
counter- ' : ■ ' 
25 Other configurations of microplates exist including 

deep well tnicroplates which have well capacities; of 
120O/1I and are typically x% inche^ (4:S cm) in depth- 
Deep well microplates hormally have the same length, 
width and ji^ell arrangetuent as a standard microplate, 
30 A nuthber of different variations of the ELISA 

cechiiblogy are copntiercially available: Howeveir. all 
require that fluid Samples o^g. ^l^d, j aerum, urine otc- 
arc aspirated from a nample tube and are then diepeneed 
into a microwell of a microplate. 
35 ELISA kits are commercially available and these 

consist of microplates haviiig micrbweilB which hava. be«n 
coated by the riiaaufacturer with a specif ic antibody (or 
antigen) . For exafoplCr in the case of a ^lubella 
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diagnostic kit, the kit maiiufactuirer- will dispense 
Rubella antibodies which have been suspended in a fluid 
into the iifticrowells of a microplate- The microplate is 
then incubated for ^ period of time, during which time 
5 the antibodies adhere to the walls of the microwells up 

to the £luid fill level (typically about half the maximxim 
fluid capacity of the micrDwell) i The microwellB are 
then washed leaving a microplate halving microwells whose 
walls are uniformly covered with Rubella antibodies up to 

10 the fluid- fill level. 

A testing taboratory will receive a number of sample 
tubes containing, for exaittple/ body fluid eamplee from a 
number of patients* A Specified amount of fluid ia then 
aspirated: out of the aan^le tube using a pipette 

15 mechanisin and is then dispensed into one or more 

midrowellG of a microplate which has been previously 
prepared by the manufacturer as discussed above. If it 
i9 desirecL to teist a patient for a number of differexit 
diseases then fluid from a patient may be dispensed into 

20 a number of different microplates . Each microplate can 
then be tested for the presence of a different disease. 

The i^ipette mechanism used to aspirate and dispense 
fluid samples uses disposable tips which are ejected 
after being used so as to prevent cross-contamination of 

25 patients' isamples. 

Once the desired number of patiehts' samples h^Ve 
been dispensed into a microplate, the microplate is then 
placed in an ihciibktor which speeds up the process of 
binding or antigen' uptake (if applicable). Preferred 

30 incubatibh temperaturtis and incubiatioh tlme 

specified: by the tei3 ting kit manufacturer. ; Incubation 
temperatures at around body tenqperature (37*C!) are 
common, but different incubatioh temperatures may be 
used.' The maximum incubation temperature is noxm^lly 

35 around 55°C. The incubation process usually lasts aroxuid 
half an hhur, although inciJaation times of up to a few 
hours may; sometimes be neceiseary- 

After incubation the microplate is t;ransforred from 
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the incubatoi: to a, washer unit whexe all the microwello 
are thoroughly washed. Washing involves repeatedly 
filling the microwells with an inert f luicL/clcttergent 
mixture ("wash buffer" aolutxon) . The- fXuid/dctcrgent 
5 ttdxture ±3 then aspirated out of all the microwells. 

Typically;, five f ill/aapirate cycles per microwell are 
reqfuired in order to wash sufficiently the mlcrowellE. 
The washing process is usually achieved by filling and 
aspirating through a mauifoid thereby allowing whole 
10 coiumris or rows of inicrowellG to be f illed/aspirated at 
the same time- 

The wash fluid is usually supplied by the kit 
manufacituzrer axu^ is Intended to v^sh the microplate 
without damaging any antigen -antibody coniplexes which 
15 have beiBii' foxmed during the ixicubation phase. The 

washing phase is intended to remove any unbound proteins 
that wbulid otheirwise interfere with the stibsequent 
analytical processes whilst leaving the aritigen-antibody 
complexea' intact . 
20 Washing typically lasts a,roimd 5 roinutes and can 

take place independently of other steps whith might be 
required on other microplates . Failure to wash the 
micrbplate after sample incubatioh would de-senbitise the 
proceisb as hhi^ fluid conteiit of the san^le needs to be 
25 removed for subs ec[uent reagent additions to take place. 

At the cnid of the washing jphase the micirowells are 
left empty apart from any antigen- antibody coniplexes that 
have formed. At thifi; fitage there is no visible 
difference between ^ negative and a positive sample. 
30 ; jvt this stage the ELISA procedure has s^ccessf^O.ly 

cmula.t.ed the iariftiine system by capturihg antigens 
suspe^nded in a satnple in-vitro. Antibodies which have 
been coited tp the walls of the microplate* daring 
manufacture bawe, in the case of a positive siimple, 
35 bohddd to antigens present in the jpatient's sample - 

TJ>e ne^t stage iii'the ELisA procedures is to add an 
enzyme conjugate to the microwell: that vill attach or 
bind to the antigen part, Icy^t not to the antibody part. 
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of any antigen- ant ijbody complex which has been formed. 
Therefore, in the case of a negative saniple where no 
antigen-antibody complexes have been formed and hence 
there is no antigenic material left in the microwell^ 
5 then there is notliiAg for the 'enzyme conjugate to bind on 
to. 

Once enzyme conjugate has been added to a sample the 
microplatie is then usually placed once ^gain in an 
incubator! in order to accelerate any binding 'of the 
10 enzyme to' the antigen part of any ant igcin- antibody 

coinplex. This further incmbation step norroally takes 
around 30 mij^utes. 

' Once the enzyme conjugate has been added and the 
microplate has be^n left to incubate, the microplate is 
15 then removed froth the incubator arid is Washed olice more. 

This timie the micrdjplate iai washed to remove any uhbound 
enzyme conjugate ma^terial- This will therefore either 
leave euitigren-ahtibody complexe^ together xiriLth bound 
enzyme conjugate (in the case of :a positive sample) or 
20 just the factory boiind antibody (in the case of a 
negative samplb) . 

The next stage in the diagnostic process is to add a 
fixed volume of a reagent (also known as a "substrate") 
to each niicrbwell and optionally return the tnicroplate to 
25 the incubator a yet furthef; time. Alternatively, the 

mibroplate may Biny[>ly be left to incubate at ambient room 
temperature. }^ ^ 

Reagent iippn contact with! the eniyme conjugate 
bound t6 the antigen part of any ^ti^en-M 
30 coiqpiexes which are present ^'bre^^ down giving off a 
distinctive colour which typically has a narrow band 
wavelength- the breakdown of j the reagent and the 
subsequent colour development usually reaches saturation 
after about 30 minutes. Once colour development has been 
35 satiflfactorily completed, the microplates loay be washed 
again, if the micxroplatQ were not washed after enzyme 
' conjugate had been added then ttiia would alidw the enzyme 

conjugate to mix; freely with reagent which is added at 
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the next stage. This would result in colour being 
produced for all aamples rftgax-dlegs of the presencB of 
antigen- antibody cbx^plextss. 

Enzyrie conjugates and reagents (substrates) must be 
5 carefully chosen. The same reagent is often u^ed for 

multiple analytes. i.e. Rubella, Hepatitis, HIV etc-, but 
the enzyme conjugate is usually . unique to the target 
analyte, ; . 

The proce&fi of incubating, adding reagent and 
10 washing may be repeated a number of times and different 
reagent types, incubation temper^atures and wash 
parameters may be used on subsequent cycles.: 

Once any colour <^Welopinent has reached saturation, 

Che microplates are ready for interpretation. Acid is 
IS usually added to prevent further coloxir davelopment and 
this also has the advantage of leiaving the microplate 
stabl^ for a nutrtber of hours after the reaction has been 
stopped* The acid used is normally common across kitn. 

After the reaction has been stopped, the microplates 
20 are then interpreted by transferring the microplates to 
an optical reader which photometrically measures the 
amount of colour in each microwell. Narrow-band light is 
projected through each microwell and the transmitted 
light is nieaeured- This enables the amount of absorption 
25 to be quantified and a corresponding output signal is 

produced. Results may then be sent to a host computer. 

Alternatively, luminescent or fluorescent effects 
may be used, in whiich case light emission rather than 
light absorption is tucasured and quantified. 
30 Controls and staxidards are also typically supplied 

by the kit manxifactuar^r together with iudicatioiuj 6f 
escpected results . 

Controls : are generally supplied with qualitative 
kit such as Hepatitis testing and are used tor quality 
35 control a[nd to pi-ovide a relative cut-off. A few 

negative controls and normally; one positive control are 
provided with the kit and afe expected to give results 
within a range previovisly determined by the kit 
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manufactuxer- Following the reading of the micMplate 
afc^r: substrate development, the; results of the controle 
are checked-! The positive control is checked to sec if 
it has be^n reported as a poaiti-vfe result and the 

5 negative controls are checked to see if they are below a 
certain valu^. Results from controls that are within th^ 
manufacturers published acceptance criteria indicate that 
the kit arid the testing process have worked correctly. 
The controls also provide a relative cUt-off . Por 

10 exatnple, if the highest negative control is reported with 
a value o£ 0-5" then the kit instructions raight indicate 
that ^ any result above 0.5 should be expressed fas; a 
positive result . As the controls have been run on t-.hp 
same microplate as the samples being tested, this method 

15 provides a relative ciit-o£f^ which conqpensates for any 
infiii^cirig factor^ aabociated with the process. 

Standards are provided in' order 'to give an expected 
result- They ar^ usually u^sed to build ra standard curve 
for assays that require a quantitative result. For 

20 exanqpie, ^i5c standards having a different known 

cancentration of analyte may be provided: By plotting on 
a graph the measured result (e.g/ colour intensity) for 
each standard on the Y axis against the known 
wncexitratioii b^i' the X axis, a curve of measured reisxilt 

25 versu4 concentration can be drawn up. This enables an 
unknown sample (which is usually pirocessed 6h the same 
microplate} to be; correlated against the curve so that 
the measured result be ^xpresskd as a doncehtration. 
Knowzi automated iTwuurioassay i systems use a pipette 

30 mounted 6ii a first arm t6 aspirate anti dispense fluid. A 
second &^E>«&rate arm is then used to move micrb{ilatcs from 
one process stage (e-g. incubation, washing etc.) to 
dottier. such a syeitGm requires t tie provision Ol 
multiple drive mechanisms - one to move the pipette 

35 around and another to move the microplates around. This 
results in a relatively boa^lex, large ^ and heiice 
/ correspondingly expensive system. 

' It is therefore desired to provide an iimproved 
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According to a first eiepect of the invention there 
is prbvided an automated immunoaaaay apparatuB as clain^d 
in claim 1. 

5 The pick-up meand provided as part' of the pipette 

mechanism allows items such a9 a microplate to be moved 
from on© discrete proceesing Gtation^ e.g* an incubatoir, 
washer or. reader, to another, avoiding the need to 
duplicate such fuiictionc in harjoLware by e.g. having to 
10 provide a, separate transporting arm. Afi well aa picking 
up othez: items, tlie pick-up means is also U3ed to pick up 
and preferably also eject a diposable tip uaed for 
aspirating and/or dispensina a fluid 3ainple or reagent. 
Preferably, .'the pick-up mezuis is suitable for 
15 pidking up and ejecting a disposable rip, ^ 

preferably, the pick -Up means comprises a clamp, 
The clamp in the preferred embodiment for^iMt part of the 
pipette mechanism and may be referred to as a "plate 
clamp" or "pipette clamp". However, other les^ preferred 
20 embodiments are also contemplated where the clamp is 

merely prbvided on the 6ame arm as the pipette raechanistti. 
The pipette ciamp has been particularly designed to pick- 
up a microplate. preferably carried by a plate holder, 
from a pipetting area and to move it to? a desired module 
25 such as ah incubator for a period o£ time dictated by a 
pre-programmed software parameter . 

Preferably, the clamp comprises a collao: which is 
generally axiaily movable. ' The clamp may ccw^rise a 
gexxciqally fixed first part and a generally movable second 
30 part. Alternatively, the clamp may conqprise two parts 
which are generally movable in opposed dibf:ectioiis to 
pinch ox otherwise, clamp an item held therebetween. A 
portion of the clamp may be spring loaded or otherwise 
resilient. 

35 By providinig a clairp on the pipette m^chcuiism it is 

no^ longer necessary tcx pi-ovide a second robotic arm for 
' plate; transport as ia convent ipnally provided. A more 

compact, simpler and less expensive system can therefore 
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be provided. 

Preferably, the pipette loechaniBm is deBigncd to 
engage with a di^sable tip eJtf. a eample ox reagent tip 
and Che pick-up means or clamp mechanism is de3igned to 
5 pick up one or roore items such as a inicxx)plate, a plate 
Holder, one or more scrapie tubea, a sample rack, a 
reagent container, a reagent rack, a control^ container, a 
control rack* a tip rkck. and similar conaumable item^. 
Preferably, the pick-up means engages in use with a 
10 slot or recess, provided in a plate holder pickup block 
connected or othervise attached to a plate holder. The 
pl^te holder may carry, in uee, a micrpplate or, similar 
item, . „ ^ 

Preferably, the pick-up means and/or the plate 
15 holder pickup block further coiaprise onti-rotation means 
for preventing ttie Eilate holde'r^ f ream rotating and to he^lp 
keep it as steady as pOfiBible. 

Preferably, the pipettei mechanism hae a sprung 
loaded cone portion for engagement with a disposable tip. 

According to another aspect of the piresent 
invention/ there is provided an Enzyme Linked 
ImrttuiioSorbent Assay system as claimed in claim 13. 

According to a further aspect of the present 
invention, there ie priaVided apparatus tor diagnosing 
25 biological, chemicaLl or biochemical prckiucts as 'claimed 
in claim 14- 

According to a yet further aspect of the pqresent 
invent ioh, there is provided an Enzyme Linked 
Immunosorbent Assay apE^aratus ^^ claimed in claim 15. ' 
30 Acco;rdii^g to another aspect of the present 

iavenLion, there is provided immunoassay appciratus as 
claimed in claim !€• 

According to another aspect of the present 
invention, there is jprovidcd ah Enzyme Linked' 
35 immunc^Sorbant Assay apparatus aa claimed in claim 17, 
According to another aspect of the present 
invention, there^ is provided an automated immunoafiEay 
apparatus in corobiniation with a plate holder as claimed 
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in claim 16. . ' . 

According to another aspect of the present 
invention, there i3 provided a method of performing 
iitenunoassay profcedures as c^laimed in claim 19. 
5 According to another agpect of the invention ^there 

is provided an automated immunoassay apparatus as claimed 
in claim 22. 

A retractable drawer is provided which can 
preferably hold i number of micrpplates or other items at 
^ 10 the satoe time.i The retractable drawer ie quite distinct 
from the washer; "reader and incubator modules. 

The provision of a retractable drawer over the work 
area xa that , a higher capacity and resultant ; throughput 
of microplates is provided than is, conventionally 

15 possible, importantly, the retractable drawer also 
enables a smaller instnimeiit size (footprint) 'ahd a 
higher capacity of consumable storag^ to be provided. 
These advantages ^ire reCogrlised as being of considerable 
commercial itf^portance by those skill^ in the art . 

20 Preferably/ tie retractable drawer has one or more 

apertures which enable a tip to be disposed therethrough 
into a waste chutei when the drawer, is generally extended, 
wMhout requiring that the 'dralwet inust be retracted jso as 
to provide access to the waste chute. 

25 Preferably; the retractable drawer is so arranged 

that for exan^le a number of microplates positioned oil 
the drawer can be at least partially, preferably fully 
withdrawn into the housing or body of t;he apparatus so as 
to provide acce^^ to ! items 'generally bel nw or adj acent 

3 0 the footprint of the drawer . This redilci^s both the work 
space requirements bt the apparatus and aiso speeds up 
the processing of samples. These are eignificant 
advantages. 

6cher embodiments are also oontemplateid whereiii a 
35 plurality of retractable drawers are provided. These 

may, for example, be posit ione!d below incubator, reader 

t ; .... . i : ( ' . ; 

/ and washer modules. The retractable drawer preferably 

slides or otherwHee translates, but rotational or pivotal 
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moveineiitis are also cozitemplatefl i 

Preferably, transport of pxck -up - means are provided 
to move iteios such ae micxoplates on to and off from the 
retractable drawer. In one embodiment^ the transport or 
5 pick-up means is capable of taking a micropl^^te from the 
retractable drawer and to tranepbrt it to a reader, 
washer or incubator module. 

Preferably, the transport means conip:i?ises a pipette 
device having an integral clamping device, 
10 ' According to another aspect of the invention, there 

is provided a method of performing immnnaaseay procedures 
as claimed in :Claim 32- 

. Various erabodimenta of the present - invention will 

now be described, by way of exao^le. and with reference 
L5 to the abcompanying drawings iii wliich: ^ 

Fig. 1 ehowe an automated saiaple diagnostic or 
immuhoassay system;. 

Fig. 2 shows a. pipette mechanism together with an 
integral claaqp according to an embodiif^nt of the present 
20 invention? 

Fig. 3 shows in ^preater detail the pipette mechanisnt 
and integral clamp together with a plate bolder which is 
to be picked up by the clanp? 

Fig- 4 »iiows a retractable drawer^ in a substantially 
25 fully retractqd position; and 

i^ig. 5 ^hows a retractkble drawer in a substantially 
fully extended position. 

With reference to the drawings. Fig. i sbows an 
autos^ted aample diagnostic system or iramunpassay 
3Q apparatus 1 according to a preferred embodiment * The 
automated inraiunoafisay apparatus.! may be considered to 
cimprise a "horizontal work area" 2 iji which the; various 
conip6nent9 and cbnsumableiii ncceuuary for carrying out the 
diagbostic tests are arranged- A nuinber of self- 
35 contained modules Xt^-lfi are arranged in what may be 
referred to as a "vertical work plane** 3 . bove the 
horizontal work area 2, 

In the enbodiment shown in Fig. 1, four incubator 
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modules 16 are provided together writh one .^M^asher module 
17 and one reader or interpret ation module 18, However, 
it will be appreciated chat differing numbers of 
incubator or readier modules 16; IB may be provided and the 
positions of tliese Qibdules I6;lfl can be interchanged or 
otherwise varied, The vasher module 17 may use up to 
four different ^^ash fluids whirfi are supplied by wash 
fluid containers {not shown) po^it^ioned in washer fluid 
container recesses 19 under the horizontal work area 2. 

Patients* samples which are to be tested are 
provided in sanqple tubea (e.g- test tubes) wHich are 
loaded inco one or more sample racks 4 . Each sample rack 
4 can carry ninety-sijc santplc tubes arrianged in an 6 x 12 
array in a cimilar manner to the arrangement: of the 
niicrowklls of a microj^late 13. There ie tla^irefore 
norfeaily ^ one to one correspondence bet>wreen the samples 
in a 6An4>i^ ^4<^^ 4 aiid thLie roicrowells of ii micr-oplate 13. 

It is of ten necessary to dilute Clie samples prior to 
processing and anaiiyain^ them. ' sample diliit:ion may be 
carried out using a diluent loaded in a i>ot:tle in reagent 
rack 11 attd One bir more deep weill ^dilution plates (not 
gho\ra) located at dtsep wellj dilution platie positions S, 
The diluent is tran&ferrftd from the bottle to a deipsp well 
plate using a. pipette miauhanism 6 - 

the pipette mechanism 6 uses diaposabl.e tips to 
prevefat cross-contamination of samples and contamination 
of stibscgiient processing steps. 30Q/il sample iiips 9 are 
used for sample distribution and larger 1 - 3ml reagent 
tl^pa aire used for reagent dispensing. Smaller tips are 
used for sample distribution since precise and acbur 
pipettirig at low vdliimes (e.g. iumD is reqixlred. Larger 
tips are Hbt' used for low volume sample pipetting cince 
the amount of aif present Iri the large tip above the 
san^lc could adversely influence* pi:^et ting precision. 
Howfever, reagent dispensing is less critical and 
therefore a lairger reagent tip can be used, wliich allows a 
gxtsater amount of reagent t^ be acpirated at any one 
time. This enables reagent to be dispensed into a large 
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number of microwells before it is necessary to rer 
aspirate reagent. , 

Reagent d« which are supplied in bottles, are 
preferably stored in reagent rack 11- ;i 
5 Disposable sample tips 9 .and reagent tips are 

preferably stored in on© or more tip racks fi?i2. 
Preferably, each tip rack fi;12 has a caparixy of loa 
tips. In the etobodiTnent shown in Pig^ 1 four tip racks 
a^l^ are shown arranged towards the rear of the 
' 10 horizohtaii work' area 2, Three of the tip* racks 8 contain 
sample tips 9, and one of the tip racks 12. contains 
reagent tips^ . More aas^ile tips 9 than reagent tips are 
— . : - usually provided due ; to a greater cbneuniption- rate ,of the 

former in normal operation. ^ 
15 s^mplbs ar^ iLranaferred from sample' ttibes in sample 

rack 4 to k deep well dilution place (not shQwn) located 
at a deep Well dilution plate position 5 (if sample 
dilution ie necessary) using the pipette mechanism 6 
together with disposable sample tips 9- The diluted 
20 samples arie then ti Transferred from the deep well dilution 
plate to a microplate 13 preferably loaded on a 
retractablie drawer 14 which is shown in a closed or 
retracted position in Fig, 1. The, retractable drawer 14 
is k apace saving device which enables a smaller 
25 horizontal work area 2 to be utilised compared with other 
knoWn apparatus . 

The pipette mechanism 6 i^ shown in^ greater detail 
in Pig. 2. The pipette mechanism^ € has a spring loaded 
cone portion or tip pickup tasbembly 23 mounted below a 
30 clan?) spigot 31, The cone portion 23 is engageable with 
both disposable sample 9 and reagent tips: 

The pipette mechanism 6 is mounted to or otherwise 
provided on a robotic or otherwise movable arm 7a, 7b 
which enables the pipette mechanism 6 to be tnovRd t.a any 
35 deeired poaition within the volume bouridec by the 

horizontal work area 2 and the vertical work plane 3 e,g- 
^ adjacent a tip; rack B;12 or one of thft various moduleH 

i6-\a. ^ • ' ' 
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The novable arm 7a, 7b may comprise a horizontal 
component: ' 7a which alXpWs a vertical 'coinponQnt 7b to move 
in a first horizontal (y) direction (see Fig. i) and a 
vertical con^orient 7b which allows the pipette, mechanism 
5 6 and picJc-up means to move in a i vertical (z) direction. 
The movable larm 7a, 7b is translatable in an orthogonal 
second horizontal ' (x) direction. \ The pipette mechanism 6 
and pick-up means is thersfore able to move over the full 
extent of the horizontal work area 2 and can alsp be 
10 raised or lowered over the full extent of the. vertical 
work plane 3 as desired. 

; In order to pick up a disposable sample tip 9 or, 
.reagent tip .from a tip-rack 8; 12, the pipette mechanism € 
is positioned over the tip and is lowered r.owards it. 
IS The spjjniiig loaded cbhe portion 23 will eiiga^e' t life tip and 
will make ifirm cohtact with it. Once phe tip hais been 
loaded oii to the taper of the cdne portion 23> the 
pipette mechanism 6 cBin then be raised or otherwise 
withdrawn ah^ irk>yed to a poaitipn With the tip 

20 attached in readiness for aspirating and/or d!lspi&ri£iing 
fluid- t , 

If it is disesired to aspirate fluiii from a san^le 
veisael, then the pipette mechanism 6 can b6 moved into 
position Qvejc the sample in the horieontal woirk area 2 by 
25 the moveable arm 7a, 7b and driven tcawatds thi© sample. 

Preferably at the same time a^f the pipette mechanism £ ic 
being lowered tow^irds the sau^le^ the pipette mechanlj^m B 
is actlvare<3 eo as to aspirate whilst it i<'« being lowered 
towards tHe fluid siamp iA fluid pres^T^O scnsdr {not 
30 Bho«bx)l crbnnected Lu pressure QvtJ,et 25 may be provided to 
detect whether or not any fluid Is jt>eine| aspirated and 
the^pipatte mechanism i" can be controlled accordingly. 
Fluid may be acpirated intc the tip ucing a positive air 
displacement syringe assembly 26 which is connected to 
35 the int^ernal bo^e of the pipette mechanism 6 by a tube 
(not shown). 

A movable clamp collar 27 la provided abbve the 
clan^ spigot 31 and Ir downwardly slidablc. thereupon 
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tcswards the cone portion 23. Once a tip iq finished with 
or is otherwise spent, it can be automatically ejected 
from the pipettevfaechanistn Tip ejection is performed 
by activating a tip ejection motjor 28 which drive© the 
5 clamp collar 27 in b, downwards direction, sliding over 
t>ie clamp spigot 31 to push the tip off the end of the 
cone port i^on 23.. Spent tips ara preferably ejected into 
a waste tip container (not shown) via a tip chute 42 (see 
Fig. 4) . In oneiemboditnent the tip chute 42 may be 
10 located between the reagent rack(3} Ij. and the tijp racks 
8 , 12 . TThe waste tip container is preferably located 
below the tip chute 42 in a wa^ste tip container . recess 
10- . A waste fluid container (not? shoWnV ie; also 
preferably provided in a wast^e fluid container receae 2i 
15 below the horizontail work area 2. 

A tip sensor 24 inonitors, preferably coii^tinuously, 
whether or not a disposable tip is attached or Ibaded to 
the pipette mechanism 6, If a tip is ]^re3ent , then the 
pipette mechaniom 6 may be instructed by control means 
20 (not shown) tO proceed to asp irate/ dispense fluid a& 

de&ired. However, if ths tip eenaor 24 deterroinee that a 
tip is not present/ then the pipette niechailis^ 6 may be 
instructed to conim€;nce a tip loading opeiration. 

Controls and standeirds, i loaded in bottles held in a 
25 coiitrbls rack 15, preferably located adjaceiiLt to the 
reagiant rack 11, provide calilxratton values !f or. 
predetearmined tei^hs and cah be dispensed into microplates 
12 in the same in^iuier as patient sample b. 
i Micrbplat^is 13 and other desired items are 
30 transferrfed from, one part, of the apparatus i -to another 
using the' clamp device 23 > 27 » 31 which preferaibly f oarma 
part' of the pipette mechanism 6 . 

Fig. 3 ohowE; in greater detail the pipette mechanism 
6 and the integral clamp device 23,27^31 which is used 
35 toi transporting microplates and other consumables , The 
pipette mechanism 6 is moved to a plate pick-up position 
wherein the clamp spigot 3 1 together with,, the upper 
downwaxdly movable clamp collar 27 and the lower fiaced 
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cone portion 23. (which is geneircilly, preferaJDly 

substantially, resistant: to downward iriovement ) engagre 

with a cocjperating slot or reicesa 32 jwrovided; in a plate 

holder pick-up block 2'4 attached ' to a plate holder 35. 

5 The plate holder 35 conaiete la frame which can support 

a microplate 13. ; Othar items may also be moved when 

fitted with a pick-up block 34 such afi one or more sample 

tubes in a sample rack. 4, a reagent container in ai 

t I- 
reagent rack ii, a tip rack B;12 or another similar item. 

10 Once in t:he c:orred:t position, the movable cl;amp collar 27 
is driven downwards so ae to firmly grip or otherwise 
secure the pick-up block 34 • 

The tiiovable clanip collar 27 may have oxxe or more 
tapered or angled faces which preferably engage With one 

15 or more correspondingly tapdred or angled sidies 36 of the 
pick-iip block 34 dO! a9 tp ensure that any item carried is 
kept substantially horizohtal, generally steady and 
preferably also at least' generally free frbm rotation 
whilst it is being transported-, ^ sensor 37 may be - 

20 provided to check that the item fitted with the pick-up 
blbck 34 has been pic3«:eid up correctly. Rotational 
movement of the ipick-up block 34 is kept to a minimum by 
a slot 38 which riestricts the rotational movement of the 
cylindrical plate clatiapin3 assembly 39 ^about its vertical 

25 axis- 

Fig- 4 shows in greater detail the work aarea and the 
components that occupy the work area under the 
retractable drawer 14i '( shown in a retracted position) - 
In biie ettilk«JittientV one' or wore of the tip racks 8 are 
30 disposed below the retralctable drawer 14 so ais to be 
exposed oaXy when tit reLiaOLable drawex i4 ly in d 
fully, or generally closed state. > tip chute 42 may 
also tie exposed- The tip chute 4^ may be provided as a 
rteans for funnelling u^ed or spent rips? into a tip waste 
35 container (not shown) , One or more reagent racks 11 may 
alco be exposed when the retractable drawer 14 is 
' retracted. 

Fig. s shows the reitractable drawer 14 ejected so as 
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to coyer at least part of the horizontal work area 2, In 
the embodiment shown, two tip racks e and on4 reagent 
rack il are covered when the iretractable drawer 14 is 
extended, ax3d f Our toicrotiter plate holders 35 are shown 
5 dispoaed on the retractable drawer 14. Microplates 13 
may be clipped or p^herwisG secured in/to the plate 
holders 35. The tip waste chute 42 remains agcesgible 
when the retractable draweii' 14 ie extended by the 
provieion of an apertiure: in the drawer plate carrier. 



